IoT(Internet of Things) has become one of the most emerging and powerful technology to improve our quality of life by connecting physical objects of real-world together. With the scalability and interoperability of the IoT platforms, developers can more easily develop IoT programs and handle big data in the heterogeneous IoT. Most IoT platforms provide core functionalities such as device management, data processing, communication, sensor data analytics, visualization, provision of smart solutions. Recently, there is an increasing demand for autonomous AI (Artificial Intelligence) IoT applications that support machine learning, deep learning, and neuromorphic hardware beyond simple intelligent IoT applications. In this paper, we survey the emerging technologies in existing IoT platforms with a focus on AI support. Our survey can be used to better understand and utilize the AI technologies in the IoT platforms.
INTRODUCTION
The number of things connected to the Internet and using IoT technology is estimated at 14.2 billion as of 2019, and is estimated to reach 25 billion by 2021 [1] . Recently, IoT devices are increasing in processing power to enable data processing beyond simple data collection devices. Neuromorphic techniques to apply AI technology on IoT devices have been developed and analyzed extensively for many years, and these techniques continually evolve to meet the challenges associated with lower power, small size, and new system requirements. Application and service utilizing IoT technology is designed and developed on the IoT platform. The core functions of the IoT platform typically required in the IoT field can be summarized in three ways.
First, as a sensing technology, it identifies and manages unique sensors and collects data from heterogeneous sensors. Therefore, interoperability, scalability and standardized protocol support to solve the heterogeneity are important technologies. oneM2M is the most well-known standard and is widely used in IoT devices. Second, it is a communication technology that sends sensor data to a server or to another device through various networks. For example, in the MQTT protocol, the MQTT broker acts as a relay server that collects messages from various devices (MQTT Clients) and sends them back to the necessary devices. Finally, it is a mashup service technology that can compose new and valuded services from existing ones [2] . It provides open data that can be processed into new data and provides an environment for developers to develop high value-added mashup services. In this Permission to make digital or hard copies of all or part of this work for personal or classroom use is granted without fee provided that copies are not made or distributed for profit or commercial advantage and that copies bear this notice and the full citation on the first page. Copyrights for components of this work owned by others than ACM must be honored. Abstracting with credit is permitted. To copy otherwise, or republish, to post on servers or to redistribute to lists, requires prior specific permission and/or a fee. 
IOT PLATFORM SUPPORTING AI
In this section we survey some IoT platforms. We describe the main features of these IoT platforms and look at whether they support AI technology. Table 1 shows the result of all surveyed IoT platforms. 
ThingsBoard
ThingsBoard [3] is an open-source IoT platform that enables device management, data collection, processing and visualization. It provides standard IoT protocols (e.g. MQTT, CoAP and HTTP) for device connectivity. ThingsBoard also supports integration with Node-Red through a custom function. They need to integrate with third-party analytics frameworks and solutions for advanced analytics and machine learning. Kaa [4] is an open source middleware platform for IoT development. It enables a complete end-to-end IoT solutions to be developed. Kaa protocol is also based on MQTT and CoAP and defines fundamental communication between the platform and the devices. It offers a lot of functionality as a set of boxes that can be used as plug and play. In addition to basic IoT solutions, it also supports machine learning through a custom project.
Kaa

Node-Red
Node-RED [5] is a data-flow IoT programming tool developed by IBM. IoT/M2M applications are developed on top of OM2M platform, which is an open source implementation of oneM2M and SmartM2M standard. Based on Node.js, Mode-RED provides a browser-based flow editor that makes it easy to connect flows. Node-RED provides a variety of machine learning features that work with Python core that takes advantage of existing ML libraries such as SciKit-Learn and Tensorflow. Node-RED can be used as an IoT framework supporting AI such as classification and regression. The platform supports advanced analytics and machine learning on the data collected.
Ptolemy
The goal of Ptolemy [6] project is to study modeling, simulation, and design of concurrent, real-time, embedded systems. By using object-oriented principles, it supports the interaction of various computation models that enable composing heterogeneous devices and services in the Internet of Things (IoT).
Ptolemy II now has a library of machine learning including particle filtering, model-predictive control, hidden Markov models, and multiple tools for statistical analysis.
MIS-IoT
In [7] , the authors proposed a IoT framework with big data and machine learning, called MIS-IoT. It can be easily expanded with data acquisition, learning, and analytics capabilities depending. One of the advantage in MIS-IoT framework is integrating different sources and different types of IoT sensor data. MIS-IoT also provides software development modularity such as modular machine learning algorithms.
CONCLUSIONS
In this paper, we investigated open source IoT platforms and development tools and whether they support machine learning. As a result, few IoT platforms were designed with or embedded with machine learning and AI capabilities. Recently, there is an increasing demand for intelligent services using AI technology in the IoT. The IoT platform should be designed to support flexible integration with AI technologies that can extract more insights from data collected within the IoT ecosystem.
